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DIN 的主要存在形式（平均值为 73.5%）。 
14C-NaHCO3 结合抑制剂法测得福建近岸养殖水体硝化速率（Vc）范围在
0.61~12.58 μmol·L-1·d-1，15N-NH4+氧化法测得水体硝化速率（Vn）范围在 0~6.78 
μmol·L-1·d-1。两种同位素方法结果表明最大硝化速率发生在厦门西海域养殖区，





数据和实验室实验计算出明显的 Q10，从 15.0℃到 28.5℃，模拟得到的硝化速率
常数增加近 5 倍，平衡转化率增加 20%，表明温度升高是硝化速率增加最主要的
原因之一。NH4+-N 浓度与硝化作用呈显著的正相关关系，湄洲湾海区 Vn 与




















用的因素之一，pH 值为 7.7 左右时硝化作用略强；光对硝化作用的影响不明显。 
根据硝化过程反应物和产物随时间变化关系可知硝化作用过程为连串反应，
中间产物 NO2-出现极大值。反应物和最终产物与时间成对数变化，说明福建近
岸养殖区水体 NH4+氧化过程和 NO2-氧化过程都是一级反应。 
从上述结果分析而言，福建近岸养殖区 NH4+-N 在生物学上的转化时间很短
（1~9 d），平均转化时间为 3 d，转化率在 10~100 %·d-1（平均转化率为 46 %·d-1）。
水体中 NO3--N 浓度高的地方也观察到高的硝化速率，表明 NO3-主要来自细菌的































The microbiologically mediated nitrification is a key process in the nitrogen 
biogeochemical cycle. Nitrification has an important role in reducing and remediating 
the incidence of cultural eutrophication and greenhouse gas emission, and nitrification 
is an effective method on NH4+-N pollution control in coastal aquaculture system. 
Reliable estimates of nitrification in coastal aquaculture system are unavailable due in 
large part to a lack of understanding of the factors affecting variability. The following 
studies are put forward as an attempt to help fill that gap in our understanding of this 
critical environmental process. 
These studies were conducted to estimate nitrification in coastal aquaculture 
water of Fujian by three techniques: N-serve sensitive [14C]bicarbonate incorporation 
method, MPN (Most Probable Number) technique and improved [15N]ammonium 
oxidation method. The variability of nitrification was governed by environmental 
parameters including temperature, salinity, dissolved oxygen, pH and suspended 
material. Studies indicated: nutrient concentrations in Xiamen Western Bay were 
higher than Meizhou Bay and Zhaoan Bay due to Anthropogenic, NO3--N was the 
main present composition. 
The rates (Vc) in coastal aquaculture water of Fujian measured by 
[14C]bicarbonate incorporation method were 0.61~12.58 μmol·L-1·d-1, nitrification 
rates (Vn) by [15N]ammonium oxidation method of 0~6.78 μmol·L-1·d-1 were recorded. 
The rates Vc were higher than the rates Vn. Each method showed that the highest 
rates of nitrification occurred in Xiamen Western Bay. The nitrifier population of 
11~200 cells·mL-1 were test, the highest nitrifier abundance was found in Meizhou 
Bay. The merits of each technique are discussed, and it is suggested that the 
[15N]ammonium oxidation method should express the true nitrification of aquaculture 
water. 














important factors relating to spatial variability of nitrification. Both field data and 
laboratory experiments calculated apparent Q10. At temperature range from 15.0 to 
28.5 ℃, the simulated rate constant increased almost five times and the equilibrium 
conversion rates increased 20%, which indicated temperature was the most reason of 
nitrification rate increasing. NH4+ concentration was closely correlated with 
nitrification. There were the similar horizontal distributions both the rate (Vn) and 
NH4+ concentration in Meizhou Bay, the highest nitrification rate and NH4+ 
concentration were around the aquaculture area, which suggested that substrate was 
the another important factor regulating nitrification. 
The relationships between nitrification and other environmental parameter were 
inferred from the field data and laboratory experiments. Intermediate salinity (S≈18) 
is propitious to nitrification, while the increase of inhibition in activity with increasing 
salinity was observed. The effect of DO (Dissolved Oxygen) and COD (Chemical 
Oxygen Demand) on nitrification did not appear. Nitrification activity became 
stronger when ORP (Oxidation-Reduction Potential) was higher. Nitrifying bacteria 
grow suspended in the water column; so maximum nitrification always coincided with 
the turbidity maximum. The intense nitrification was observed at pH of 7.7, while 
light appear did not inhibit nitrification. 
Simulated experiment indicated that nitrification was consecutive reaction, the 
intermediate, NO2- concentration present a peak value. Reactant and final production 
were found logarithmic correlation with temperature, which suggested both 
ammonium oxidation and nitrite oxidation were accord with the first order kinetics. 
Results suggested that biological turnover times for NH4+ were short (1~9 d) 
(average time 3 d), and calculated turnover rate of 10~100% per day, with average 
rate of 46% per day. The higher nitrification rate was observed at high NO3- 
concentration water column, which showed NO3- produced mostly from nitrification. 
Nitrification transformed NH4+ to NO2-, final to NO3-, reducing the harm to organisms 
of coastal aquaculture system resulted from NH3-N and NH4+-N. 
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全球生物固氮总量在 100~290 × 1012 g·N·yr -1 [3]。 
 
 
图 1.1  微生物作用下的氮循环：含氮化合物不同价态的标示[1] 
Fig. 1.1 The microbial nitrogen cycle with an indication of the valence state of the various 
nitrogen-containing compounds involved[1] 
 
现今，人类固定的氮占地球上固氮总量的一大半，约为 140 × 1012 g·N·yr-1。
这些固定的氮中大部分是生产肥料的工厂产生的（80 × 1012 g·N·yr-1）。与固氮微
生物共生的作物耕作（40 × 1012 g·N·yr-1）和人类燃烧过程（20 × 1012 g·N·yr-1）
分别占人类固氮的其余部分[4]。 
闪电和自然燃烧过程也会固定少量的氮。在这些环境中，产生的高温高能使
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